Phytochemical screening of the rhizomes of Ruscus hypophyllum (Liliaceae) has resulted in the isolation of five spirostanol saponins (1-5) including a new saponin (4) and nine furostanol saponins (6-14) including three new saponins (9-11), together with a known cholestane glycoside (15) and a new cholestane glycoside (16). The structures of the new compounds were determined on the basis of extensive spectroscopic analysis, including 2D NMR data, and chemical evidence. The spirostanol saponins 1, 2, and 5 showed moderate cytotoxic activity against HL-60 human promyelocytic leukemia cells.
Plants of the genus Ruscus in the family Liliaceae are composed of about six species and are known to be rich sources of steroidal saponins. The representative species of the genus Ruscus, R. aculeatus, has been shown to contain a variety of steroidal saponins based upon spirost-5-ene-1β,3β-diol (ruscogenin) [1] [2] [3] [4] [5] [6] . Previously, we have made a phytochemical screening of the rhizomes of Ruscus hypophyllum L., which is distributed from the Madeira Island to the Caucasian mountains, and isolated a series of cholestane glycosides [7] . Our further chemical examination of R. hypophyllum rhizomes has resulted in the isolation of five spirostanol saponins (1) (2) (3) (4) (5) including a new saponin (4) and nine furostanol saponins (6) (7) (8) (9) (10) (11) (12) (13) (14) including three new saponins (9) (10) (11) , together with a known cholestane glycoside (15) and a new cholestane glycoside (16). This paper reports the structural determination of the new compounds on the basis of extensive spectroscopic analysis, including 2D NMR data, and chemical evidence. The cytotoxic activity of the isolated compounds is also described.
The rhizomes of R. hypophyllum (1.2 kg) were extracted with hot MeOH. The concentrated MeOH extract (221 g) was passed through a porous-polymer polystyrene resin (Diaion HP-20) column, eluted with 30% MeOH in H 2 O, EtOH, and EtOAc. The EtOH eluate fraction (25 g), in which steroidal saponins were enriched, was subjected to a series of chromatographic separations, resulting in the isolation of compounds 1 (33. [2] , there has been no report on the isolation of 14 from a natural source.
Compound 4 was isolated as an amorphous solid and its molecular formula was determined to be C 46 ). The IR spectrum of 1 was indicative of a glycoside (3376 and 1046 cm -1 ) and showed an absorption band due to an ester carbonyl group (1749 cm -1 ). The 1 H NMR spectrum of 1 showed signals for four typical steroid methyl groups; two appeared as singlets at δ 1.39 and 0.85, and the other two as doublets at δ 1.04 (J = 6.2 Hz) and 0.65 (J = 5.1 Hz). An olefinic proton and three anomeric proton signals were also noted at δ 5.59 (br d, J = 5.5 Hz), and δ 6.33 (br s), 4.97 (d, J = 7.6 Hz) and 4.71 (d, J = 7.8 Hz). In the 13 C NMR spectrum of 4, a quaternary carbon signal assignable to C-22 of the spirostanol skeleton, together with three anomeric carbon signals were observed at δ 109.2, and δ 106.6, 101.6 and 100.9, respectively. These spectral features of 4 were similar to those of 3. Treatment of 4 with 3% NaOMe in MeOH gave 3. Therefore, 4 was found to be a monoacetate of 3. In the 13 C NMR spectrum of 4, the signal due to C-6 of the galactosyl moiety was shifted to lower field by 3.1 ppm, whereas the signal due to C-5 occurred at higher shift by 3.1 ppm, as compared with those of 3. Furthermore, long-range correlations were observed between the carbonyl carbon at δ 170.5 and the unequivalent H 2 -6 methylene protons of the galactosyl residue at δ 4.93 (dd, J = 11.2, 7.7 Hz) and 4.49 (dd, J = 11.2, 4.2 Hz) in the HMBC spectrum of 4. Thus, the acetyl moiety was revealed to be linked to the galactose C-6 hydroxy position, and the structure of 4 was determined to be (25R)-3β- The fundamental structure of 9 was shown to be a 22-methoxyfurostanol saponin by a positive color reaction with Ehrlich's reagent, and by the 1 H NMR [δ 3.22 (3H, s)] and 13 C NMR [δ 112.6 (C-22) and 47.1 (OMe)] spectra [11] . The 1 H NMR spectrum of 9 showed signals for four steroid methyl groups at In addition, a longrange correlation was observed between the anomeric proton of the terminal glucosyl unit at δ 4.80 and the C-26 methylene carbon at δ 75.1. Thus, 9 was revealed to be the corresponding 22-methoxyfurostanol saponin of 3 with a glucosyl unit at C-26. An NOE correlation between the methoxy protons at δ 3.22 and the H-16 proton at δ 4.86 was consistent with the 22α configuration.
Accordingly, the structure of 9 was elucidated as 26- Alkaline methanolysis of 10 with 3% NaOMe in MeOH furnished 9. When the 13 C NMR spectrum of 10 was compared with that of 9, the signal due to C-6 of the galactosyl moiety was shifted to lower field by 3.1 ppm, whereas the signal due to C-5 occurred at higher shift by 3.1 ppm, suggesting an ester linkage of an acetyl group at C-6 of the galactosyl unit. This was confirmed by HMBC correlations between the carbonyl carbon at δ 170.5 and the H 2 -6 methylene protons of the galactosyl residue at δ 4.93 (dd, J = 11.2, 7.8 Hz) and 4.50 (m). Thus, the structure of 10 was determined to be 26-
Compound 11 exhibited a molecular formula of C 55 H 88 O 25 based on the MS-FAB, HRMS-ESITOF, and elemental analysis data. The 1 H and 13 C NMR spectral data of 11 suggested that its structure is essentially analogous to that of 9. The presence of two acetyl groups in 11 was shown by two threeproton singlet signals at δ 2.00 and 1.93, which, respectively, correlated to the δ 20.7 and 20.5 carbon resonances, and to the carbonyl carbons at δ 170.3 and 170.2 in the HMBC spectrum.
Alkaline methanolysis of 11 with NaOMe in MeOH gave 9.
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On comparison of the 13 C NMR spectrum of 11 with that 9, the resonances assignable to C-4 and C-6 of the galactosyl moiety were moved downfield by 2.0 ppm and 1.6 ppm, respectively, whereas those due to C-3 and C-5 were displaced upfield by 3.8 ppm and 4.4 ppm, suggesting that the two acetyl groups are involved in ester linkages at C-4 and C-6 of the galactosyl group.
Furthermore, in the HMBC spectrum of 11, long-range correlations were observed between the carbonyl carbon at δ 170. 2 
The isolated compounds were evaluated for their cytotoxic activity against HL-60 leukemia cells using a modified 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-tetrazolium bromide (MTT) reduction method [13] . Compounds 1, 2, and 5, which are the spirostanol derivatives with the sugar unit of rhamnosyl-(1→2)-galactosyl or rhamnosyl-(1→2)-arabinosyl at C-1 of the aglycone moiety, showed moderate cytotoxic activity with IC 50 values of 9.6 μM, 9.2 μM, and 6.5 μM, respectively, when etoposide and cisplatin used as positive controls gave IC 50 values of 0.46 and 1.6 μM.
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Experimental
General experimental procedures: Optical rotations were measured using a JASCO DIP-1030 (Tokyo, Japan) automatic digital polarimeter. Elemental analysis was carried out using an Elemental Vario EL (Hanau, Germany) elemental analyzer. IR spectra were recorded on a JASCO FT-IR 620 spectrophotometer. NMR spectra were recorded on a Bruker DRX-500 spectrometer (500 MHz for 1 H NMR, Karlsruhe, Germany) using standard Bruker pulse programs. Chemical shifts are given as the δ-value with reference to tetramethylsilane (TMS) as an internal standard. MS-ESITOF data were obtained on a Waters-Micromass LCT mass spectrometer (Manchester, U.K.). Diaion HP-20 (MitsubishiChemical, Tokyo, Japan), silica gel (Fuji-Silysia Chemical, Aichi, Japan), and octadecylsilanized (ODS) silica gel (Nacalai Tesque, Kyoto, Japan) were used for column chromatography. TLC was carried out on precoated Kieselgel 60 F 254 (0.25 mm or 0.5 mm thick, Merck, Darmstadt, Germany) and RP-18 F 254 S (0.25 mm thick, Merck) plates, and spots were visualized by spraying with 10% H 2 SO 4 followed by heating. HPLC was performed using a system comprised of a CCPM pump (Tosoh, Tokyo, Japan), a CCP PX-8010 controller (Tosoh), an RI-8010 detector (Tosoh) and/or a Shodex OR-2 detector (Showa-Denko, Tokyo, Japan), and a Rheodyne injection port. A Capcell Pak C 18 UG120 column (10 mm i.d. x 250 mm, 5 μm, Shiseido, Tokyo, Japan) was employed for preparative HPLC. The following materials and reagents were used for cell culture and assay of cytotoxic activity: microplate reader, Spectra 1H, m, H-3 HL-60 Cell culture assay: HL-60 cells were maintained in the RPMI 1640 medium containing 10% FBS supplemented with L-glutamine, 100 units/mL penicillin G, and 100 μg/mL streptomycin sulfate. The leukemia cells were washed and resuspended in the above medium to 4 x 10 4 cells/mL, and 196 μL of this cell suspension was placed in each well of a 96-well flat-bottom plate. The cells were incubated in 5% CO 2 /air for 24 h at 37°C. After incubation, 4 μL of EtOH-H 2 O (1:1) solution containing the sample was added to give the final concentrations of 0.1-20 μg/mL and 4 μL of EtOH-H 2 O (1:1) was added into control wells. The cells were further incubated for 72 h in the presence of each agent, and then cell growth was evaluated using a modified MTT reduction assay. Briefly, after termination of the cell culture, 10 μL of 5 mg/mL MTT in phosphate-buffered saline (PBS) was added to every well and the plate was further reincubated in 5% CO 2 /air for 4 h at 37°C. The plate was then centrifuged at 1500 rpm for 5 min to precipitate cells and MTT formazan. An aliquot of 150 μL of the supernatant was removed from every well, and 175 μL of dimethyl sulfoxide (DMSO) was added to dissolve the MTT formazan crystals. The plate was mixed on a microshaker for 10 min, and then read on a microplate reader at 550 nm.
